Introduction
The Santa Ana winds of Southern California have long been associated with severe wildfires 2 [Mensing et al., 1999; Westerling et al., 2004 ] that contribute to poor air quality [Bytnerowicz et 3 al., 2010; Corbett, 1996] and can result in the loss of life and property [California Department of 4 Forestry and Fire Protection, 2008] . These dry, easterly or northeasterly foehn-like katabatic 5 winds can affect a large area typically develop between fall and early spring [Conil and Hall, 6 2006; Hughes and Hall, 2010; Raphael, 2003 ] when there is a large temperature gradient 7 between the cold desert surface and warm ocean air [Hughes and Hall, 2010] . Major episodes 8 can persist for several days, and often follow the inland movement of a Great Basin High behind 9 a cold front associated with an upper level trough [Sommers, 1978] . The strong northerly flow on 10 the western flank of particularly deep troughs can substantially add to the Santa Ana winds at the 11 surface. 12 The synoptic conditions described above can also lead to the formation of tropopause folds, 13 intrusions of dry, ozone-rich lower stratospheric air that slope downward and equatorward into 14 the free troposphere beneath the jet stream circulating around the upper level trough [Danielsen 15 and Mohnen, 1977] . Climatological studies [Skerlak et al., 2014; Sprenger and Wernli, 2003] 16 have shown that deep tropopause folds, i.e. those that penetrate all the way to the top of the 17 boundary layer [Bourqui and Trepanier, 2010] , are particularly common above the west coast of 18 the U.S. at the end of the North Pacific storm track, with lower stratospheric air descending to 19 the surface as far south as Baja California. These events are most frequent in winter and spring, 20 but also occur in the fall. Most research on this deep stratosphere-to-troposphere transport (STT) 21 has been motivated by the potential impacts on surface ozone [Langford et The synoptic situation at the start of the fire is shown in Figure 2A The influence of the descending lower stratospheric air increased over the next several hours 22 as the wind blew the fire plume offshore, and the NOx, and PM The sea breeze resumed on May 3 ( Figure 3C ), recirculating air with recent and aged temperatures, and widespread rain moved ashore to help extinguish the fire. The measured RH and O 3 in Figure 3A are consistent with the RAQMS transect in Figure   1 2B, supporting the conclusion that the air sampled on May 2 had a significant influence from the acres between October 20 and November 9, destroying more than 1500 homes with 14 deaths. 4 The estimated total cost was about $1. 
